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(57) ABSTRACT 

A wiring structure may include at least two conductive 
material layers and a two-dimensional layered material layer 
in an interface between the at least two conductive material 
layers. The two-dimensional layered material layer may 
include a grain expander layer which causes grain size of a 
conductive material layer which is on the two-dimensional 
layered material layer to be increased. Increased grain size 
may result in resistance of the second conductive material 
layer to be reduced. As a result, the total resistance of the 
wiring structure may be reduced. The two-dimensional 
layered material layer may contribute to reducing a total 
thickness of the wiring structure. Thus, a low-resistance and 
high-performance wiring structure without an increase in a 
thickness thereof may be implemented. 

20 Claims, 7 Drawing Sheets 
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1. 

WRING STRUCTURE AND ELECTRONIC 
DEVICE INCLUDING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of Korean Patent 
Application No. 10-2015-0077490, filed on Jun. 1, 2015, in 
the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein in its entirety by reference. 

BACKGROUND 

1. Field 
The present disclosure relates to wiring structures and 

electronic devices employing the wiring structures. 
2. Description of the Related Art 
In some cases, reduction in a line width or a thickness of 

metal wiring of high-density high-performance semiconduc 
tor devices may result in an increase in the quantity of 
semiconductor chips to be integrated per wafer, thereby 
augmenting semiconductor chip operations. In addition, a 
Small thickness of metal wiring may reduce line capacitance, 
resulting in an increase in a speed of signals passing through 
the wiring and thereby further improving semiconductor 
device performance. 

In some cases, wiring electrical resistance (referred to 
herein as simply “resistance') may increase as the line width 
or the thickness of the metal wiring is reduced. As a result, 
reduction of the resistance in a wiring structure may enable 
further improvement in semiconductor device operations. In 
Some cases, interconnect technology is approaching a physi 
cal limit where specific resistance increases as the line width 
and thickness of the metal wiring are reduced, to the point 
where the increased resistance frustrates semiconductor 
device operations where line width and metal wiring thick 
ness are reduced below a threshold limit. 

SUMMARY 

Provided are wiring structures and electronic devices 
including the wiring structures having reduced wiring resis 
tance. 

Additional aspects will be set forth in part in the descrip 
tion which follows and, in part, will be apparent from the 
description, or may be learned by practice of the presented 
example embodiments. 

In some example embodiments, a wiring structure 
includes: a first conductive material layer, a two-dimen 
sional layered material layer on the first conductive material 
layer; and a second conductive material layer on the two 
dimensional layered material layer. 
The two-dimensional layered material layer may include 

one or more atom layers. 
The two-dimensional layered material layer may include 

a grain expansion layer, wherein a grain size of the second 
conductive material layer is expanded by the grain expan 
sion layer. 
The two-dimensional layered material layer may include 

a transition metal dichalcogenides (TMDCs)-based material 
or hexagonal boron nitride (h-BN). 
The two-dimensional layered material layer may include 

one of MoS2, MoSe2, WS2, WSe2, and h-BN. 
The two-dimensional layered material layer may be trans 

ferred onto the first conductive material layer or directly 
grown on the first conductive material layer. 
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2 
The first conductive material layer may include a metal 

layer, the two-dimensional layered material layer may be 
formed on the metal layer, and the second conductive 
material layer may be formed of a metal material. 
The metal layer may include at least one of TiN or TiSiN. 

and the second conductive material layer may include at 
least one of W. Al, or Cu. 
The first conductive material layer may further include a 

polysilicon layer, and the metal layer may block diffusion of 
a doping element from the polysilicon layer. 
The metal layer may be formed of a material including at 

least one of a transition metal including Ni, Cu, Co, Fe, or 
Ru, and at least one of TiN, W. NiSi, CoSi, CuSi, FeSi, 
MnSi, RuSi, RhSi, IrSi, Pt.Si. TiSi, TiSiN, WSi, or an alloy 
thereof. 

In some example embodiments, a wiring structure 
includes: a first conductive material layer; a grain expansion 
layer formed on the first conductive material layer, wherein 
the grain expansion layer is formed of a two-dimensional 
layered material of one or more atom layers; and a second 
conductive material layer formed on the grain expansion 
layer, wherein a grain size of the second conductive material 
layer is expanded by the grain expansion layer. 
The grain expansion layer may include at least one of a 

transition metal dichalcogenides (TMDCs)-based material 
or hexagonal boron nitride (h-BN). 
The grain expansion layer may include at least one of 

MoS2, MoSe2, WS2, WSe2, or h-BN. 
The grain expansion layer may be transferred onto the 

first conductive material layer or directly grown on the first 
conductive material layer. 
The first conductive material layer may include a metal 

layer, the grain expansion layer is formed on the metal layer, 
and the second conductive material layer may include a 
metal material. 
The metal layer may include at least one of TiN or TiSiN. 

and the second conductive material layer may include at 
least one of W. Al, or Cu. 
The metal layer may be formed of a material including at 

least one of a transition metal including Ni, Cu, Co, Fe, or 
Ru, and at least one of TiN, W. NiSi, CoSi, CuSi, FeSi, 
MnSi, RuSi, RhSi, IrSi, Pt.Si. TiSi, TiSiN, WSi, or an alloy 
thereof. 
The first conductive material layer may further include a 

polysilicon layer, and the metal layer may block diffusion of 
a doping element from the polysilicon layer. 

In some example embodiments, an electronic device 
includes a wiring structure, the wiring structure including a 
first conductive material layer, a two-dimensional layered 
material layer formed on the first conductive material layer, 
and a second conductive material layer formed on the 
two-dimensional layered material layer described above. 
The electronic device may include a plurality of elements 

including at least one of a transistor, a capacitor, and a 
resistor, wherein the wiring structure is configured to be used 
in at least one of a connection between the plurality of 
elements, a connection within each of the elements, a 
connection between at least two unit cells formed of a 
combination of the elements, or an interconnection between 
at least two chips that are manufactured by combining the at 
least two unit cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and/or other aspects will become apparent and 
more readily appreciated from the following description of 
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the exemplary embodiments, taken in conjunction with the 
accompanying drawings in which: 

FIG. 1 is a schematic cross-sectional view illustrating a 
wiring structure according to some example embodiments; 

FIG. 2 is a diagram of a stack structure in which a 
two-dimensional layered material layer including a hexago 
nal boron nitride (h-BN) or MoS is inserted into a tungsten 
(W)/titanium nitride (TiN) interface according to some 
example embodiments; 

FIG. 3 is a diagram of a W/TiN stack structure as a 
comparative example; 

FIG. 4 illustrates a grain size of a W layer when a 
two-dimensional layered material layer including h-BN is 
formed on a TiN layer and the W layer is formed on the 
two-dimensional layered material layer according to some 
example embodiments; 

FIG. 5 illustrates a grain size of a W layer when a 
two-dimensional layered material layer including MoS is 
formed on a TiN layer and the W layer is formed on the 
two-dimensional layered material layer according to some 
example embodiments; 

FIG. 6 illustrates a grain size of a W layer when the W 
layer is formed on a TiN layer, as a comparative example: 

FIG. 7 is a bar graph showing a reduction amount of sheet 
resistance Rs when h-BN and MoS are each used in a 
two-dimensional layered material layer according to some 
example embodiments; 

FIG. 8 is a graph showing sheet resistance according to 
variation in a line width of a wiring structure of respective 
stack structures, where sheet resistances according to a line 
width of a wiring structure when a TiN layer, a h-BN/TiN 
layer, and a MoS/TiN layer are respectively formed below 
a W layer according to some example embodiments; 

FIG. 9 schematically illustrates a memory device as an 
example of an electronic device according to Some example 
embodiments; and 

FIG. 10 schematically illustrates a dynamic random 
access memory (DRAM) as another example of an elec 
tronic device according to some example embodiments. 

It should be noted that these figures are intended to 
illustrate the general characteristics of methods and/or struc 
ture utilized in certain example embodiments and to Supple 
ment the written description provided below. These draw 
ings are not, however, to Scale and may not precisely reflect 
the precise structural or performance characteristics of any 
given embodiment, and should not be interpreted as defining 
or limiting the range of values or properties encompassed by 
example embodiments. 

DETAILED DESCRIPTION 

One or more example embodiments will be described in 
detail with reference to the accompanying drawings. 
Example embodiments, however, may be embodied in vari 
ous different forms, and should not be construed as being 
limited to only the illustrated embodiments. Rather, the 
illustrated embodiments are provided as examples So that 
this disclosure will be thorough and complete, and will fully 
convey the concepts of this disclosure to those skilled in the 
art. Accordingly, known processes, elements, and tech 
niques, may not be described with respect to some example 
embodiments. Unless otherwise noted, like reference char 
acters denote like elements throughout the attached draw 
ings and written description, and thus descriptions will not 
be repeated. 

Although the terms “first,” “second,” “third,' etc., may be 
used herein to describe various elements, components, 
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4 
regions, layers, and/or sections, these elements, components, 
regions, layers, and/or sections, should not be limited by 
these terms. These terms are only used to distinguish one 
element, component, region, layer, or section, from another 
region, layer, or section. Thus, a first element, component, 
region, layer, or section, discussed below may be termed a 
second element, component, region, layer, or section, with 
out departing from the scope of this disclosure. 

Spatially relative terms, such as “beneath,” “below.” 
“lower,” “under,” “above,” “upper,” and the like, may be 
used herein for ease of description to describe one element 
or feature's relationship to another element(s) or feature(s) 
as illustrated in the figures. It will be understood that the 
spatially relative terms are intended to encompass different 
orientations of the device in use or operation in addition to 
the orientation depicted in the figures. For example, if the 
device in the figures is turned over, elements described as 
“below,” “beneath,” or “under, other elements or features 
would then be oriented “above' the other elements or 
features. Thus, the example terms “below' and “under may 
encompass both an orientation of above and below. The 
device may be otherwise oriented (rotated 90 degrees or at 
other orientations) and the spatially relative descriptors used 
herein interpreted accordingly. In addition, when an element 
is referred to as being “between two elements, the element 
may be the only element between the two elements, or one 
or more other intervening elements may be present. 
As used herein, the singular forms “a,” “an,” and “the.” 

are intended to include the plural forms as well, unless the 
context clearly indicates otherwise. It will be further under 
stood that the terms “comprises.” “comprising,” “includes.” 
and/or “including,” when used in this specification, specify 
the presence of Stated features, integers, steps, operations, 
elements, and/or components, but do not preclude the pres 
ence or addition of one or more other features, integers, 
steps, operations, elements, components, and/or groups, 
thereof. As used herein, the term “and/or” includes any and 
all combinations of one or more of the associated listed 
items. Expressions such as “at least one of when preceding 
a list of elements, modify the entire list of elements and do 
not modify the individual elements of the list. Also, the term 
“exemplary” is intended to refer to an example or illustra 
tion. 
When an element is referred to as being “on.” “connected 

to,” “coupled to,” or “adjacent to.” another element, the 
element may be directly on, connected to, coupled to, or 
adjacent to, the other element, or one or more other inter 
vening elements may be present. In contrast, when an 
element is referred to as being “directly on,” “directly 
connected to,” “directly coupled to,” or “immediately adja 
cent to.” another element there are no intervening elements 
present. 

Unless otherwise defined, all terms (including technical 
and Scientific terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which example embodiments belong. Terms, such as those 
defined in commonly used dictionaries, should be inter 
preted as having a meaning that is consistent with their 
meaning in the context of the relevant art and/or this 
disclosure, and should not be interpreted in an idealized or 
overly formal sense unless expressly so defined herein. 

Example embodiments may be described with reference 
to acts and symbolic representations of operations (e.g., in 
the form of flow charts, flow diagrams, data flow diagrams, 
structure diagrams, block diagrams, etc.) that may be imple 
mented in conjunction with units and/or devices discussed in 
more detail below. Although discussed in a particularly 
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manner, a function or operation specified in a specific block 
may be performed differently from the flow specified in a 
flowchart, flow diagram, etc. For example, functions or 
operations illustrated as being performed serially in two 
consecutive blocks may actually be performed simultane 
ously, or in Some cases be performed in reverse order. 

Units and/or devices according to one or more example 
embodiments may be implemented using hardware, Soft 
ware, and/or a combination thereof. For example, hardware 
devices may be implemented using processing circuitry Such 
as, but not limited to, a processor, Central Processing Unit 
(CPU), a controller, an arithmetic logic unit (ALU), a digital 
signal processor, a microcomputer, a field programmable 
gate array (FPGA), a System-on-Chip (SoC), a program 
mable logic unit, a microprocessor, or any other device 
capable of responding to and executing instructions in a 
defined manner. 

Software may include a computer program, program 
code, instructions, or some combination thereof, for inde 
pendently or collectively instructing or configuring a hard 
ware device to operate as desired. The computer program 
and/or program code may include program or computer 
readable instructions, software components, software mod 
ules, data files, data structures, and/or the like, capable of 
being implemented by one or more hardware devices. Such 
as one or more of the hardware devices mentioned above. 
Examples of program code include both machine code 
produced by a compiler and higher level program code that 
is executed using an interpreter. 

For example, when a hardware device is a computer 
processing device (e.g., a processor, Central Processing Unit 
(CPU), a controller, an arithmetic logic unit (ALU), a digital 
signal processor, a microcomputer, a microprocessor, etc.), 
the computer processing device may be configured to carry 
out program code by performing arithmetical, logical, and 
input/output operations, according to the program code. 
Once the program code is loaded into a computer processing 
device, the computer processing device may be programmed 
to perform the program code, thereby transforming the 
computer processing device into a special purpose computer 
processing device. In a more specific example, when the 
program code is loaded into a processor, the processor 
becomes programmed to perform the program code and 
operations corresponding thereto, thereby transforming the 
processor into a special purpose processor. 

Software and/or data may be embodied permanently or 
temporarily in any type of machine, component, physical or 
virtual equipment, or computer storage medium or device, 
capable of providing instructions or data to, or being inter 
preted by, a hardware device. The software also may be 
distributed over network coupled computer systems so that 
the software is stored and executed in a distributed fashion. 
In particular, for example, Software and data may be stored 
by one or more computer readable recording mediums, 
including the tangible or non-transitory computer-readable 
storage media discussed herein. 

According to one or more example embodiments, com 
puter processing devices may be described as including 
various functional units that perform various operations 
and/or functions to increase the clarity of the description. 
However, computer processing devices are not intended to 
be limited to these functional units. For example, in one or 
more example embodiments, the various operations and/or 
functions of the functional units may be performed by other 
ones of the functional units. Further, the computer process 
ing devices may perform the operations and/or functions of 
the various functional units without Sub-dividing the opera 
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6 
tions and/or functions of the computer processing units into 
these various functional units. 

Units and/or devices according to one or more example 
embodiments may also include one or more storage devices. 
The one or more storage devices may be tangible or non 
transitory computer-readable storage media, Such as random 
access memory (RAM), read only memory (ROM), a per 
manent mass storage device (Such as a disk drive), Solid State 
(e.g., NAND flash) device, and/or any other like data storage 
mechanism capable of storing and recording data. The one 
or more storage devices may be configured to store com 
puter programs, program code, instructions, or some com 
bination thereof, for one or more operating systems and/or 
for implementing the example embodiments described 
herein. The computer programs, program code, instructions, 
or some combination thereof, may also be loaded from a 
separate computer readable storage medium into the one or 
more storage devices and/or one or more computer process 
ing devices using a drive mechanism. Such separate com 
puter readable storage medium may include a Universal 
Serial Bus (USB) flash drive, a memory stick, a Blu-ray/ 
DVD/CD-ROM drive, a memory card, and/or other like 
computer readable storage media. The computer programs, 
program code, instructions, or some combination thereof, 
may be loaded into the one or more storage devices and/or 
the one or more computer processing devices from a remote 
data storage device via a network interface, rather than via 
a local computer readable storage medium. Additionally, the 
computer programs, program code, instructions, or some 
combination thereof, may be loaded into the one or more 
storage devices and/or the one or more processors from a 
remote computing system that is configured to transfer 
and/or distribute the computer programs, program code, 
instructions, or some combination thereof, over a network. 
The remote computing system may transfer and/or distribute 
the computer programs, program code, instructions, or some 
combination thereof, via a wired interface, an air interface, 
and/or any other like medium. 
The one or more hardware devices, the one or more 

storage devices, and/or the computer programs, program 
code, instructions, or some combination thereof, may be 
specially designed and constructed for the purposes of the 
example embodiments, or they may be known devices that 
are altered and/or modified for the purposes of example 
embodiments. 
Ahardware device. Such as a computer processing device, 

may run an operating system (OS) and one or more software 
applications that run on the OS. The computer processing 
device also may access, store, manipulate, process, and 
create data in response to execution of the software. For 
simplicity, one or more example embodiments may be 
exemplified as one computer processing device; however, 
one skilled in the art will appreciate that a hardware device 
may include multiple processing elements and multiple 
types of processing elements. For example, a hardware 
device may include multiple processors or a processor and 
a controller. In addition, other processing configurations are 
possible. Such as parallel processors. 

Although described with reference to specific examples 
and drawings, modifications, additions and Substitutions of 
example embodiments may be variously made according to 
the description by those of ordinary skill in the art. For 
example, the described techniques may be performed in an 
order different with that of the methods described, and/or 
components such as the described system, architecture, 
devices, circuit, and the like, may be connected or combined 
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to be different from the above-described methods, or results 
may be appropriately achieved by other components or 
equivalents. 

FIG. 1 is a schematic cross-sectional view illustrating a 
wiring structure 100 according to some example embodi 
mentS. 

Referring to FIG. 1, the wiring structure 100 according to 
Some example embodiments includes a first conductive 
material layer 40, a two-dimensional layered material layer 
50, and a second conductive material layer 70 on a substrate 
1. 
The Substrate 1 may include a substrate for manufacturing 

devices, chips, or apparatuses to which the wiring structure 
100 according to Some example embodiments may be 
applied, and may include, for example, a silicon Substrate. 
For example, a silicon Substrate may be used as the Substrate 
1, and a semiconductor device, a semiconductor chip, or a 
semiconductor apparatus to which the wiring structure 100 
according to Some example embodiments may be applied 
may be manufactured on the substrate 1. Other types of 
Substrate may be used as the Substrate 1. An insulation layer 
5, which may include a silicon oxide layer, may be formed 
on the substrate 1. 
The first conductive material layer 40 may be a single 

layer or may include multiple layers. The first conductive 
material layer 40 may include a metal layer 30. The first 
conductive material layer 40 may further include a semi 
conductor material layer, which may include a polysilicon 
layer 10. FIG. 1 illustrates an example where the first 
conductive material layer 40 includes the metal layer 30 and 
the polysilicon layer 10. Hereinafter, the description will 
focus on some example embodiments in which the polysili 
con layer 10 is included as a semiconductor material layer 
for clarity of description. However, the semiconductor mate 
rial layer used as the first conductive material layer 40 may 
also include other types of semiconductor material, in addi 
tion or alternative to polysilicon. 

The metal layer 30 may be formed of, for example, a 
material including TiN or TiSiN. In addition, the metal layer 
30 may be formed of, for example, a material including at 
least one of a transition metal and TiN, W. NiSi, CoSi, CuSi, 
FeSi, MnSi, RuSi, RhSi, IrSi, PtSi, TiSi, TiSiN, WSi, or an 
alloy thereof. A transition metal may include at least one of 
Ni, Cu, Co, Fe, or Ru. 

In some example embodiments, when the first conductive 
material layer 40 includes the polysilicon layer 10 and the 
metal layer 30, the metal layer 30 may function as a barrier 
that blocks diffusion of a doping element from the polysili 
con layer 10. 

In some example embodiments, when the first conductive 
material layer 40 includes the polysilicon layer 10 and the 
metal layer 30, an intermediate layer 20 may be further 
formed in an interface between the polysilicon layer 10 and 
the metal layer 30. 
When the metal layer 30 is formed of, for example, TiN 

or TiSiN (TSN), the intermediate layer 20 may be formed of, 
for example, a WSix layer to provide an ohmic contact in the 
interface between the polysilicon layer 10 and the metal 
layer 30. In some example embodiments, the intermediate 
layer 20 is not formed as a layer but as particles on the 
polysilicon layer 10. The intermediate layer 20 is illustrated 
as a layer in FIG. 1 for convenience of illustration. In some 
example embodiments, the intermediate layer 20 may be 
formed as a layer. 

Meanwhile, FIG. 1 illustrates that the first conductive 
material layer 40 is formed of multiple layers including the 
metal layer 30 and the polysilicon layer 10, which, however, 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
is exemplary. The exemplary embodiments are not limited 
thereto, and the first conductive material layer 40 may 
include multiple layers of various compositions. Also, the 
first conductive material layer 40 in the wiring structure 100 
according to Some example embodiments may include a 
single layer. 

In some example embodiments, the two-dimensional lay 
ered material layer 50 is formed on the first conductive 
material layer 40. For example, the two-dimensional layered 
material layer 50 may be formed on the metal layer 30. 
The two-dimensional layered material layer 50 may be 

formed of one or more atom layers. For example, the 
two-dimensional layered material layer 50 may beformed of 
one or two atom layers. 
The two-dimensional layered material layer 50 may be 

formed of a semiconductor-type two-dimensional layered 
material Such as MoS or an insulating two-dimensional 
layered material such as h-BN. In addition, the two-dimen 
sional layered material layer 50 may be formed of other 
transition metal dichalcogenides (TMDCs)-based two-di 
mensional layered materials, for example, one of MoSe. 
WS, and WSea. Examples of the TMDCs-based two 
dimensional layered material may include MoS MoSea, 
WS, and WSe. 
The two-dimensional layered material layer 50 may be 

transferred onto the first conductive material layer 40 or 
directly grown on the first conductive material layer 40. 
The second conductive material layer 70 may be formed 

of a metal material which may include tungsten (W). The 
second conductive material layer 70 may also be formed of 
one or more other types of metal material. For example, the 
second conductive material layer 70 may be formed of a 
metal including aluminum (Al) or copper (Cu). 

In some example embodiments, the two-dimensional lay 
ered material layer 50 functions as a grain expansion layer 
with respect to the second conductive material layer 70. For 
example, as a result of forming the two-dimensional layered 
material layer 50 from one or more atom layers formed of a 
two-dimensional layered material (i.e., as a result of forming 
a grain expansion layer), and forming the second conductive 
material layer 70 on the two-dimensional layered material 
layer 50, a grain size of the second conductive material layer 
70 may be expanded due to the two-dimensional layered 
material layer 50 (i.e., the grain expansion layer). 
As described above, in some example embodiments when 

the two-dimensional layered material layer 50 is formed and 
then the second conductive material layer 70 is formed on 
the two-dimensional layered material layer 50, as the two 
dimensional layered material layer 50 is formed of one or 
more atom layers, a total stack thickness of the wiring 
structure 100 may be significantly reduced. In addition, as a 
grain size of the second conductive material layer 70 is 
greatly increased, resistance of the second conductive mate 
rial layer 70 may be greatly reduced, thereby greatly reduc 
ing the total resistance of the wiring structure 100. Thus, a 
low-resistance wiring may be implemented using the wiring 
structure 100 having a conductive material/two-dimensional 
layered material/conductive material structure. 
A wiring structure used in a dynamic random access 

memory (DRAM) may include a stack structure including, 
for example, a Poly-Si/TiN (or TSN)/W stack structure, and 
a WSix layer may be formed in an interface between a 
poly-Si layer and a TiN (or TSN) layer or an interface 
between a TiN (or TSN) layer and a W layer. In some 
example embodiments, the stack structure of FIG.1 may be 
applied to the wiring structure of the DRAM as described 
above. For example, in the wiring structure of the DRAM, 
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instead of forming a WSix layer in the interface between the 
TiN layer and the W layer, the two-dimensional layered 
material layer 50 may be formed. In some example embodi 
ments, the two-dimensional layered material layer 50 may 
function as a grain expansion layer with respect to the W 
layer. 

FIG. 2 is a diagram of a stack structure in which a 
two-dimensional layered material layer including a hexago 
nal boron nitride (h-BN) or MoS is inserted into a W/TiN 
interface according to some example embodiments. FIG. 3 
is a diagram of a W/TiN stack structure as a comparative 
example. A W/TiN structure may include a wiring structure 
used in a DRAM front end of line (FEOL). While spaces are 
illustrated between layers in FIGS. 2 and 3, the one or more 
spaces may not exist between layers in a real stack structure. 

FIGS. 4 and 5 show a grain size of a W layer when a 
two-dimensional layered material layer 50 including h-BN 
or MoS is formed on a TiN layer according to some 
example embodiments, and a W layer is formed on the 
two-dimensional layered material layer 50 according to 
some example embodiments. FIG. 4 shows that h-BN is 
used as the two-dimensional layered material layer 50, and 
FIG. 5 shows that MoS is used as the two-dimensional 
layered material layer 50. FIG. 6 shows a grain size of a W 
layer when the W layer is formed on a TiN layer, as a 
comparative example. Photographic images of FIGS. 4 
through 6 are at the same scale. 
As may be seen from comparison between FIGS. 4 and 5. 

and 6, when the two-dimensional layered material layer 50 
is inserted between the TiN layer and the W layer, again size 
of the W layer may be greatly increased compared to when 
the two-dimensional layered material layer 50 is not 
inserted. When the grain size of the W layer increases, 
resistance may be reduced significantly. 

FIG. 7 is a bar graph showing a reduction amount of sheet 
resistance Rs when h-BN and MoS are each used in a 
two-dimensional layered material layer according to some 
example embodiments. FIG. 7 is a graph showing sheet 
resistance of respective stack structures, where sheet resis 
tance was dropped by about 17.4% in a W/h-BN/TiN 
structure with respect to W/TiN sample, and sheet resistance 
dropped by about 19.9% in a W/MoS/TiN structure with 
respect to W/TiN sample according to some example 
embodiments. 

Referring to FIGS. 4 and 7, when the two-dimensional 
layered material layer 50 formed on the TiN layer is formed 
of h-BN, and a W layer is formed thereon, a grain size of the 
W layer is expanded compared to a structure in which a W 
layer is formed on a TiN layer. Thus, sheet resistance 
dropped by about 17.4%. 

Referring to FIGS. 5 and 7, when the two-dimensional 
layered material layer 50 formed on the TiN layer is formed 
of MoS, and a W layer is formed thereon, a grain size of the 
W layer is expanded compared to a structure in which a W 
layer is formed on a TiN layer, and thus, sheet resistance 
dropped by about 19.9%. 

FIG. 8 is a graph showing sheet resistance according to 
variation in a line width of a wiring structure of respective 
stack structures, where sheet resistances according to a line 
width of a wiring structure is shown when a TiN layer, a 
h-BN/TiN layer, and a MoS/TiN layer are respectively 
formed below a W layer according to some example 
embodiments. In FIG. 8, sheet resistances of a wiring 
structure having a line width of 20 nm (W20 nm) and a 
wiring structure having a line width of 25 mm (W25 nm) are 
shown. 
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10 
Referring to FIG. 8, when the line width of the wiring 

structure is reduced, sheet resistance RS increases. Even 
when the line width of the wiring structure is reduced, when 
the two-dimensional layered material layer 50 formed of 
h-BN or MoS is used, sheet resistance may be reduced. For 
example, when the two-dimensional layered material layer 
50 formed of h-BN or MoS is used, even when the line 
width of a wiring structure is reduced from 25 nm to 20 nm, 
sheet resistance similar to that when the line width is 25 nm, 
and the two-dimensional layered material layer 50 formed of 
h-BN or MoS is not used, may be obtained. 
As may be seen from FIG. 8, when the two-dimensional 

layered material layer 50 formed of h-BN or MoS is 
inserted into the interface between the TiN layer and the W 
layer, a low-resistance wiring structure may be implemented 
even when the line width is reduced. In addition, when a line 
width of a wiring structure is 20 nm or 25 nm, and the 
two-dimensional layered material layer 50 formed of h-BN 
or MoS is inserted into the interface between the TiN layer 
and the W layer, sheet resistance may be significantly 
reduced compared when the two-dimensional layered mate 
rial layer 50 is not inserted. 
As described above, in a multi-stack structure of the 

wiring structure 100, by inserting the two-dimensional lay 
ered material layer 50 into an interface between the first 
conductive material layer 40 and the second conductive 
material layer 70, total resistance of the wiring structure 100 
may be significantly reduced, and accordingly, the line width 
of the wiring structure may also be reduced. 

In addition, as the two-dimensional layered material layer 
50 is formed of one or more atom layers, for example, one 
or two atom layers, the two-dimensional layered material 
layer 50 may contribute to reducing a total thickness of the 
multi-stack structure of the wiring structure 100 as the 
two-dimensional layered material layer 50 has a relatively 
Small thickness. Thus, a low-resistance and high-perfor 
mance wiring structure without an increase in a thickness 
thereof may be implemented. 

For example, in the case of a W/TiN stack used in 
semiconductor FEOL area, a WSix layer having a thickness 
of several nm is inserted, and according to the wiring 
structure 100 according to some example embodiments, 
resistance may be significantly reduced without an increase 
in a thickness thereof by inserting the two-dimensional 
layered material layer 50 including one or more atom layers, 
and thus, a high-performance wiring structure may be imple 
mented. 

Accordingly, according to the wiring structure 100 
according to Some example embodiments, the resistance or 
the total stack thickness may be reduced to a level which 
satisfies next-generation or next-next-generation DRAM 
requirements, and thus, a high-performance next-generation 
memory may be implemented. 
The wiring structure 100 according to some example 

embodiments may be applied to an electronic device. The 
electronic device includes multiple elements, which may 
include at least one of each of a transistor, a capacitor, and 
a resistor. The wiring structure 100 according to the exem 
plary embodiment may be used in at least one of a connec 
tion between multiple elements, a connection in each ele 
ment of the multiple elements, a connection between at least 
two unit cells formed of a combination of multiple elements, 
or a mutual connection between at least two chips that are 
manufactured by combining at least two unit cells. 

FIG. 9 schematically illustrates a memory device as an 
example of an electronic device according to Some example 
embodiments. 
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Referring to FIG. 9, the memory device according to 
Some example embodiments may include a magnetic resis 
tance element MR1 and a switching element TR1 in a 
memory cell MC1, and the memory cell MC1 may be 
connected between a bit line BL1 and a word line WL1. 
The wiring structure 100 according to some example 

embodiments may be applied to at least one of the bit line 
BL1 and the word line WL1, for example, to the bit line 
BL1. 
The bit line BL1 and the word line WL1 may be arranged 

to cross each other, and the memory cell MC1 may be 
disposed at a point of intersection therebetween. The bit line 
BL1 may be connected to the magnetic resistance element 
MR1. The bit line BL1 may be electrically connected to a 
second magnetic material layer M20 of the magnetic resis 
tance element MR1. The word line WL1 may be connected 
to the switching element TR1. When the switching element 
TR1 is a transistor, the word line WL1 may be connected to 
a gate electrode of the switching element TR1. A write 
current, a read current or an erase current or the like may be 
applied to the memory cell MC1 via the word line WL1 and 
the bit line BL1. 

The magnetic resistance element MR1 may include first 
and second magnetic material layers M10 and M20 and a 
non-magnetic layer N10 therebetween. One of the first and 
second magnetic material layers M10 and M20 may include 
a free layer and another layer may include a fixed layer. For 
example, the first magnetic material layer M10 may be a free 
layer, and the second magnetic material layer M20 may be 
a fixed layer. 
The Switching element TR1 may be, for example, a 

transistor. The switching element TR1 may be electrically 
connected to the first magnetic material layer M10 of the 
magnetic resistance element MR1. 

While one memory cell MC1 is illustrated in FIG. 9, a 
plurality of memory cells MC1 may be arranged in an array, 
in some example embodiments. As a result, a plurality of bit 
lines BL1 and a plurality of word lines WL1 may be 
arranged to cross each other, and memory cells MC1 may be 
disposed at respective points of intersection therebetween. 

FIG. 10 schematically illustrates a DRAM as another 
example of an electronic device according to Some example 
embodiments. 

Referring to FIG. 10, a signal which is input via a gate bit 
line (GBL) may be transmitted to an active layer (Act) below 
the gate bit line GBL via a duty cycle corrector (DCC). The 
signal may be transmitted from the active layer Act to 
another active layer Act via a transistor operation of a buried 
channel array transistor (BCAT). The signal may be stored 
as information in a capacitor SP via a gate body serial 
contact GBC. 

In the DRAM as described above, the wiring structure 100 
according to Some example embodiments may be applied, 
for example, to the gate bit line GBL. 
The electronic device to which the wiring structure 100 

according to Some example embodiments may be applied is 
described as an example. Example embodiments are not 
limited thereto, and the wiring structure 100 according to 
Some example embodiments may be applied to various 
electronic devices in which elements are interconnected. 

According to the wiring structure of Some example 
embodiments, total resistance of the wiring structure may be 
significantly reduced based on inserting a two-dimensional 
layered material layer in an interface between two conduc 
tive material layers, and accordingly, a thickness or line 
width of the wiring structure may also be reduced. 
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12 
In addition, as the two-dimensional layered material layer 

is formed of one or more atom layers, low-resistance wiring 
may be formed without increasing a thickness of the wiring 
Structure. 

It should be understood that example embodiments 
described herein should be considered in a descriptive sense 
only and not for purposes of limitation. Descriptions of 
features or aspects within Some example embodiments 
should typically be considered as available for other similar 
features or aspects in Some example embodiments. 

While some example embodiments have been described 
with reference to the figures, it will be understood by those 
of ordinary skill in the art that various changes in form and 
details may be made therein without departing from the 
spirit and scope as defined by the following claims. 

What is claimed is: 
1. A wiring structure comprising: 
a first conductive material layer, the first conductive 

material layer including a metal layer, 
a two-dimensional layered material layer on the metal 

layer; and 
a second conductive material layer on the two-dimen 

sional layered material layer, the second conductive 
material layer including a metal material. 

2. The wiring structure of claim 1, wherein the two 
dimensional layered material layer includes one or more 
atom layers. 

3. The wiring structure of claim 1, wherein the two 
dimensional layered material layer includes a grain expan 
sion layer, 

wherein a grain size of the second conductive material 
layer is expanded by the grain expansion layer. 

4. The wiring structure of claim 1, wherein the two 
dimensional layered material layer includes a transition 
metal dichalcogenides (TMDCs)-based material or hexago 
nal boron nitride (h-BN). 

5. The wiring structure of claim 1, wherein the two 
dimensional layered material layer includes at least one of 
MoS, MoSe, WS, WSe, or h-BN. 

6. The wiring structure of claim 1, wherein the two 
dimensional layered material layer is transferred onto the 
first conductive material layer or directly grown on the first 
conductive material layer. 

7. The wiring structure of claim 1, wherein the metal layer 
includes at least one of TiN or TiSiN, and the second 
conductive material layer includes at least one of W. Al, or 
Cu. 

8. The wiring structure of claim 1, wherein the first 
conductive material layer further includes a polysilicon 
layer, and 

the metal layer blocks diffusion of a doping element from 
the polysilicon layer. 

9. The wiring structure of claim 1, wherein the metal layer 
includes a material including at least one of 

a transition metal including at least one of Ni, Cu, Co, Fe, 
or Ru, and 

at least one of TiN, W. NiSi, CoSi, CuSi, FeSi, MnSi, 
RuSi, RhSi, IrSi, Pt.Si. TiSi, TiSiN, WSi, or an alloy 
thereof. 

10. A wiring structure comprising: 
a first conductive material layer; 
a grain expansion layer on the first conductive material 

layer, wherein the grain expansion layer includes a 
two-dimensional layered material of one or more atom 
layers; and 
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a second conductive material layer on the grain expansion 
layer, wherein a grain size of the second conductive 
material layer is expanded by the grain expansion layer. 

11. The wiring structure of claim 10, wherein the grain 
expansion layer includes at least one of a transition metal 
dichalcogenides (TMDCs)-based material or hexagonal 
boron nitride (h-BN). 

12. The wiring structure of claim 10, wherein the grain 
expansion layer includes at least one of MoS, MoSea, WS. 
WSe, or h-BN. 

13. The wiring structure of claim 10, wherein the grain 
expansion layer is transferred onto the first conductive 
material layer or directly grown on the first conductive 
material layer. 

14. The wiring structure of claim 10, wherein 
the first conductive material layer includes a metal layer, 
the grain expansion layer on the metal layer, and 
the second conductive material layer includes a metal 

material. 
15. The wiring structure of claim 14, wherein 
the metal layer includes at least one of TiN or TiSiN, and 
the second conductive material layer includes at least one 

of W, Al, or Cu. 
16. The wiring structure of claim 14, wherein the metal 

layer includes a material including at least one of 
a transition metal including at least one of Ni, Cu, Co, Fe, 

or Ru, and 
at least one of TiN, W, NiSi, CoSi, CuSi, FeSi, MnSi, 

RuSi, RhSi, IrSi, PtSi, TiSi, TiSiN, WSi, or an alloy 
thereof. 

17. The wiring structure of claim 14, wherein the first 
conductive material layer further includes a polysilicon 
layer, and 
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the metal layer is configured to block diffusion of a doping 

element from the polysilicon layer. 
18. An electronic device comprising the wiring structure 

of claim 1. 
19. The electronic device of claim 18, further comprising: 
a plurality of elements including all least one of 

a transistor, 
a capacitor, and 
a resistor, 

wherein the wiring structure is configured to be used in at 
least one of 
a connection between the plurality of elements, 
at least one connection within each element of the 

plurality of elements, 
a connection between at least two unit cells, the at least 
two unit cells formed of a combination of at least two 
elements of the plurality of elements, or 

an interconnection between at least two chips, the at 
least two chips being are manufactured by combin 
ing at least two unit cells. 

20. A wiring structure, comprising: 
a first conductive material layer; 
a two-dimensional layered material layer on the first 

conductive material layer, and 
a second conductive material layer on the two-dimen 

sional layered material layer, 
wherein the two-dimensional layered material layer 

includes at least one of a transition metal dichalco 
genides (TMDCs)-based material, and hexagonal 
boron nitride (h-BN). 

k k k k k 


